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INTRODUCTION
Polyimide films that are heavily irradiated by ions exhibit a significant increase in electrical
conductivity nearing that of inorganic semiconductors [1-4]. It has been shown that ion
irradiation induces marked changes in the chemical structure of the polyimide films and
increased conductivity due to polymer carbonization [5-7]. Conversion of polycarbosilane
films to ceramics by ion implantation leads to increased hardness and oxidation resistance
[8]. It is thought that some of the carbon in the PCS film segregates during the irradiation
and annealing processes, leading to different local structures and hybridization states.

EXPERIMENTAL RESULTS
Fluorescent soft x-ray carbon Kα  emission(XES) and carbon 1s total fluorescent yield(TFY)
spectra have been used to characterize the bonding of carbon atoms in polyimide(PI) and
polycarbosilane(PCS) films. The PI films have been irradiated by nitrogen and argon ions with
concentrations ranging from 1x1014 to 1x1016 ions/cm2. The PCS films have been annealed to
1000° C and/or irradiated with 200 keV carbon ions to a concentration of 5x1015 ions/cm2. We find
that the fine structure of the carbon XES of the PI films changes with implanted ion concentrations
above 1x1014 ions/cm2 which we believe is due to bond degradation and the creation of carbon
clusters in the films. The electrons in the atoms of these clusters fill unoccupied states in the
valence and conduction bands and lead to a narrowing of the band gap. We find that the bonding of
carbon atoms in the PCS films after carbon ion irradiation is similar to the bonding in diamond
films, and the bonding after irradiation and subsequent annealing appears more like the bonding
found in graphite-like silicon films. The non-irradiated PCS film that was annealed at 1000° C
converts to a ceramic with the composition of amorphous Si0.77C0.23:H.

IRRADIATED POLYIMIDE FILMS
Soft x-ray emission spectroscopy is governed by the dipole selection rules, and
because the excitation is site specific, the x-ray fluorescence can be used to gain
information about the local bonding environment of a sample. XES probes the valence
band states and can be compared with partial density of states calculations. The x-ray
transitions are limited to the first coordination sphere of the emitting atom, and XES is therefore
sensitive to short-range order. In this way, the technique can be used to examine
changes in the local environment and chemical bonding of the emitting atom due to
various thermal and physical treatments.



The results of measurements of the carbon Kα  XES of irradiated PI films are presented in
Figure 1. The peak structure labeled by A, B, and C is only observed for implanted ion
concentrations below 1x1014 ions/cm2. The structure can be attributed to the occupied
molecular orbitals(MO) of the polyimide chains, particularly the occupied states of the
carbon 2p atomic orbitals which are probed by the 2p→1s transitions of the carbon Kα
XES.

The relative intensities of peaks A and C
progressively decrease(with respect to
peak B) for ion concentrations above 1x1014

ions/cm2. Interestingly the changes in these
features are the same for both ion types,
indicating that the structural changes to the
carbon atoms in these samples is not related to
the ion-carbon bonding. We also noted a
narrowing of the gap as determined from XES
and TFY measurements as implanted ion
concentrations increased. The XES for the
1x1016 ions/cm2 samples resembled those of
amorphous carbon films, suggesting the
formation of carbon clusters in these prepared PI
films [8].

Figure 1. C Kα XES for irradiated polyimide films.
Note the change in shape of the spectra as the ion
concentration increases.

IRRADIATED POLYCARBOSILANE FILMS
Measurements of the carbon Kα  XES of the PCS films are presented in Figure 2. The spectra
exhibit distinct changes between deposited polymer films, annealed films(One hour at 1000° C),
irradiated films(5x1015 ions/cm2 concentration of 200 keV carbon ions), and combined treatment
films(irradiation followed by annealing). According to infrared Raman measurements of these
films, irradiation causes a segregation of some of the carbon atoms in the polymer resulting in a
chemical state similar to that of a diamond-like film [9]. After a combined treatment, XES spectra
of these films more closely resemble the features of a graphite-like spectrum. To investigate these
conclusions we compared the carbon Kα  XES of the various PCS films with spectra from known
samples of HOPG, silicidated graphite and diamond-like films[8].



Our carbon Kα XES measurements confirm
the results of the Raman spectra, in that the
chemical states of the carbon atoms in
irradiated PCS films resemble those of
diamond-like films, and in combined
treatment films they resemble graphite-like
silicon systems. The spectra from our
annealed PCS films show a conversion to an
amorphous ceramic with the composition of
Si0.77C0.23:H [8].

Figure 2. C Kα  XES for PCS films.
Note the change in shape of the spectra for different
treatments (annealing and
irradiation).
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